Background: This study aimed to comprehensively evaluate dietary diversity and its associated factors in Chinese preschoolers and explore whether the daily food consumption of children with different dietary diversity-associated characteristics met recommended dietary amounts. Methods: A cross-sectional study covering seven cities and two villages was conducted and included 697 preschool children aged 3-7 years old. Dietary diversity score (DDS) and DDS 10 were calculated based on 24-h dietary recall. The food-intake differences among children with different DDS 10 predictors were examined. Results: The mean DDS and DDS 10 in Chinese preschool children were 7.4 ± 1.5 (ranged from 3 to 9) and 7.0 ± 3 (ranged from 3 to 9) respectively. Positive predictors of dietary diversity included residing in an urban environment, a higher household expenditure on children's food, and a higher frequency of eating outside. Food-intake differences existed among the predictors. Conclusions: Education and intervention should be strengthened to improve the dietary diversity of preschool children, especially in rural areas. The overall dietary pattern of children requires attention, which means not only increasing dietary diversity but also avoiding an unbalanced diet.
Introduction
The preschool period is crucial for a child's growth and development, therefore parents pay attention to their children's nutritional status. It is noteworthy that preschoolers maintain their dietary habits for long periods of time, even into adulthood [1] . Therefore it is important to help children develop and maintain healthy food habits. Many studies have shown that dietary diversification has beneficial effects on micronutrient adequacy and is positively correlated with health outcomes at different ages [2] [3] [4] , especially in children [5] [6] [7] . For example, some studies have shown significant correlations between dietary diversity and anthropometric measurements (e.g., HAZ (height-for-age z-score) and WAZ (weight-for-age z-score)) in children [8, 9] . In China, similar research has shown a correlation between dietary diversification and growth in children [10, 11] . Less diversification in the diet may increase the risk of asthma and allergies in childhood [12] . Randomized controlled trials have also proved that supplementation with multivitamins and iodine may increase nutrient-deficient school-aged children's intelligence quotient [13] . This evidence indicates that dietary diversification may increase the micronutrient intake and improve children's physical health and cognitive development. However, recent studies found that only a minority of children had a diverse dietary pattern, and this was especially evident for those in developing countries. For example, less than half of children in rural Burkina Faso received the recommended minimum of four different food groups per day before they were two years old [14] , and only 13% of Mexican children and adolescents (5-15 years old) had a diverse dietary pattern [15] . The factors that may influence food diversification need to be explored in order to allow nutritionists to employ improvement measures. Most previous studies focused on the associations of age, gender, district, and socioeconomic status with household dietary patterns [16] . In addition to these influencing factors, eating problems (e.g., picky eating), food allergies, parental self-perception of their child's nutrition and body image, and out-of-home eating habits should also be taken into consideration. This study aimed to comprehensively measure the dietary diversification and its associated factors in Chinese preschoolers and explore whether the food consumption of children with different dietary diversity-associated characteristics met the recommendation of the Chinese Dietary Guidelines (2016) by Chinese Nutrition Society [17] . The updated guidelines (2016) provide the recommended daily intake amount of essential eight food groups including: (1) cereals and tubers, (2) vegetables, (3) fruits, (4) meat, (5) aquatic products, (6) eggs, (7) dairy products, and (8) soy products and nuts. It is emphasized that dietary diversity is the basic principle of balanced food pattern.
Subjects and Methods

Subjects
The study protocol was approved by the Ethical Committee of the Health Science Center, Peking University (No. IRB00001052-11042), and written informed consent was obtained from a child's legal guardian prior to their participation. The study was conducted between 2011 and 2012. For representativeness, seven cities (with different economic levels and in different geographical locations) and two villages (one located in the plains and one located in the mountains) were selected by purposive sampling. One junior, one middle, and one senior class were subsequently randomly selected from a kindergarten in each of the nine districts. The analysis included 697 healthy children aged 3-7 years, and children with congenital diseases or serious illnesses were excluded from the study.
Dietary Data
Food intake data were collected using the 24-h dietary recall method using two questionnaires. One questionnaire was administered by a trained investigator with the help of kindergartens and aimed to collect information on detailed food consumption in the kindergarten. The other questionnaire aimed to interview the parents to collect information on what the children ate at home and away from home, including their dietary supplements. Other details were described in previously published articles [18, 19] .
Measurement of Dietary Diversity
Two indicators-dietary diversity score (DDS) and DDS 10-were used to evaluate children's dietary diversity based on the consumption of 10 food groups in the past 24 h according to the guidelines of the Food and Agriculture Organization of the United Nations, as shown in Table 1 [20] . DDS was calculated based on the sum of the total number of food groups without amount requirement, while DDS 10 was calculated with a minimum intake amount requirement. In DDS 10, the child received one point if they consumed at least 10 g from a single food group, except that the threshold for fats and oils was 2 g. Other food groups were not included in the calculation of DDS 10. By adding together the scores of different food groups, the DDS 10 score ranged from 1 to 9. 
Sociodemographic and Health-Related Data
Sociodemographic information was collected by interviewing the parents, and included the child's age, gender, nationality, parental education level, household income and expenditure on the child's food. Picky eating behavior in this study was defined that the children consumed an inadequate variety and amount of food through rejection of foods that are familiar (and unfamiliar) to them because of specific tastes, textures, smells or appearances. The definition was provided to parents in advance and then they were asked a single question as "Do you consider your child as having picky eating behavior at present?" The frequencies of outside eating, food allergies of children and parents' perception of their children's nutrition status and body image were acquired by parent self-report.
Statistical Analysis
The database was established with Epi Data version 3.0 (EpiData Association, Odense, Denmark) and analysis was conducted with IBM SPSS (predictive analytics software and solutions) version 20.0 (International Business Machines Corporation, New York, State of New York, USA). Statistical significance was determined at p < 0.05 (two-tailed tests). Descriptive analysis was performed for continuous variables, and results are shown as mean ± standard deviation (SD). Students' t-tests were used for normally distributed data. For abnormally distributed data, median and quartiles were used to describe the data, and Mann-Whitney U tests were performed to compare the differences. The predictors of DDS 10 were explored by linear regression.
Results
DDS, DDS 10, and Its Associated Factors
A total of 697 children (97.1% Han Chinese) with a mean age of 4.9 ± 0.9 years (range: 3-7 years) participated in this study. The mean DDS and DDS 10 were 7.4 ± 1.5 (range: 3-9) and 7.0 ± 1.3 (range: 3-9), respectively. For the DDS, a total of 6.2%, 43.6%, and 50.2% of children scored ≤4, 5-7, and >7, respectively. Meanwhile for DDS 10, a total of 6.5%, 60.0%, and 33.6% of children scored ≤4, 5-7, and >7, respectively. The DDS and DDS 10 in children with different sociodemographic characteristics are shown in Table 2 . Children aged 6-6.9 years had a significantly lower DDS. Children living in rural areas, whose parents had a lower education level, whose households had a lower income, and whose parents spent less of the household monthly expenditure on their food had significantly lower DDS and DDS 10. By considering dietary behaviors, food allergy, and the parent's perception of their child's nutrition and body image, it was found that children who ate outside more than once per week and whose parents thought they were thin had a significant higher DDS and DDS 10. Meanwhile, children with self-reported uncertain food allergies had a significantly lower DDS 10 (Table 3) . Self-reported picky-eating behavior and a parent's perception of their child's nutrition were not correlated with DDS or DDS 10. According to the single factor analysis, the DDS and DDS 10 shared similarly associated factors. Therefore linear regression analysis was only conducted for DDS 10 (Table 4) . Finally, living in rural areas was negatively associated with DDS 10, while a higher monthly household expenditure on children's food and eating outside more than once per week were positively associated with DDS 10. 
Food Intake Among Children with Different DDS 10 Predictors
The differences in the daily intake of 10 food groups among children with different DDS 10 predictors were examined. Children living in rural areas had a significantly higher intake of cereals and vegetables; however, they had a significantly lower intake of meat, aquatic products, dairy products, and nuts. Children living in families who spent less of their expenditure on their child's food showed a significantly higher intake of cereals and vegetables, while children living in households with higher food expenditure showed a significantly higher intake of meat, aquatic products, dairy products, and nuts. Children who were used to eating outside more than once per week showed a higher intake of meat, aquatic products, dairy products, and nuts but a lower intake of cereals and vegetables.
Discussion
The importance of dietary diversity has been highlighted by researchers and in guidelines [8, 17, 21, 22] . Developing a healthy and balanced dietary pattern is essential for preschool children because their habits in this period may last for a long time [23] . DDS based on food groups are regarded as good indicators of nutrient adequacy and balance [8, 20, 24] , and are more feasible and practical than indicators based on individual foods (e.g., the food variety score). The results from this study showed that DDS 10 had similar correlated factors to DDS. The mean DDS 10 was 7.0 ± 1.30, and 93.6% of children had a DDS 10 ≥5. Similar results were found in other studies; for example, the prevalence of inadequate dietary diversity in children aged 6-59 months was 9% in Sri Lanka [5] , and the majority of Ghanaian children (60%) aged 3-6 years consumed a minimum of four out of the seven food groups [9] . The China Health and Nutrition Survey stated that China's food-consumption patterns have changed dramatically in recent decades [25] , therefore people, including children, have more access to different types of foods. In European countries, the mean total Dietary Quality Index (DQI) score was 68.3%, and the mean score of subcomponent was 61.7% for diversity in preschoolers [26] . This shows that the nutritional gap between children in developing and developed countries has declined in recent years.
In this study, living in a rural area was negatively associated with DDS 10, and this result was similar to the findings of other researchers [3, 9, 10, 27] . One important reason for this might be the limited access to variety in rural areas (e.g., due to high electricity and transportation costs, laggard infrastructure development, etc.), which limits dietary diversity [28] . However, the urban-rural disparities in children's nutritional status in China have mitigated over time due to urbanization [29] . The results from this study also showed that household monthly expenditure on children's food was positively correlated with DDS, as those parents who pay more attention to their child's nutrition are more willing to spend more on their food. There were also some associated factors highlighted in the single factor analysis but not in the linear regression analysis (i.e., family income [27, 30] and parental education level [26, 27, 30] ), which may be the key factors in a household's socioeconomic status. No significant associations were found between DDS and gender or age in this study, which meant that both Chinese boys and girls had similar dietary diversification regardless of their age. These findings were different from other research findings; however, the gender difference in DDS in India may have been dependent on gender inequality in the country, which is less significant in China [31] . The results from this study also showed that the frequency of eating outside was positively associated with food diversity. The vast global lifestyle changes since last century mean that out-of-home eating has become very popular for common families, which may, in turn, bring more opportunities to diversify diet [32] . Picky eating, which is a common eating behavior in Chinese children [18] , showed no significant association with DDS in this study. We infer that children with a picky-eating problem may refuse single foods (e.g., carrots, mushrooms, etc.) but accept other food types containing similar nutrients, which would therefore not change the results of counting food groups. However, it is still noteworthy that picky eating has negative effects on a child's growth and development [18, 33] . A correlation between food allergies and DDS was also not observed in this current analysis. Parents may consciously offer other food items to supplement what their children are allergic to. In the preschool period, children start to contact the outside environment in kindergarten and community more frequently than toddlers. However, parents still play a leading role in nutrition for preschool children [34] . Interestingly, this study showed that children whose parents thought they were thin had a higher DDS, thus these parents may offer more diverse food types to enable their children to grow stronger.
In addition to analyzing the associated factors of DDS, this study also explored the difference in daily food intake in preschool children. In general, comparing with Chinese dietary guidelines (2016), the invested children had a sufficient food intake of eggs, meat, and soybean products; however, a lower intake of vegetables, fruits, aquatic products, and dairy products was observed. This might indicate unbalanced diets in our study population.
Considering the predictors associated with dietary intake, compared with urban children, rural children ate more cereals and vegetables but ate less meat, aquatic products, dairy products, and nuts. This led to a low DDS, which may consequently result in an insufficient intake of protein, micronutrients (e.g., vitamins, calcium, iodine, phospholipids, etc.), and essential fatty acids. Especially the dairy products intake-which was far lower than the recommendation (2016)-might cause health problems since 60% of the recommended daily allowance (RDA) of calcium comes from dairy calcium. The rural preschoolers with insufficient dairy intake therefore face a higher chance of lower bone-mineral content (BMC) and z-score for bone-mineral density (BMD), as other researchers have demonstrated in their studies [35, 36] .
Satisfyingly, children with increased levels of food expenditure showed adequate ingestion of aquatic products, dairy products, and nuts; however, they also showed unbalanced diet patterns with insufficient vegetables but excess meat consumption. Food expenditure always reflects the household's socioeconomic status and the parent's concern about their child's nutrition. The higher the parent's education and income level, the more attention they pay to their child's nutrition, the greater the household food expenditure. Those well-educated parents tend to offer children meat, aquatic products, dairy products, and nuts which are rich in high protein and micronutrients that are beneficial for physical growth and intelligent development. However, based on the current results, vegetables are to be ignored by those parents. Therefore, proper health advice should urgently be offered, a strategy proven by other researchers to be effective [37, 38] .
This study also identified contradictory results with regard to outside eating. In this study, outside eating correlated positively with dietary diversity; however, according to the food consumption data (showed in Table 5 ), it could be inferred that the increasing DDS due to a higher frequency of eating outside had the potential to be caused by the excess intake of meat and aquatic products. Moreover, the preschoolers who ate outside more than once per week consumed far fewer vegetables, and those who ate outside less frequently consumed far fewer dairy products. In addition, the overuse of oil in restaurants and the increased consumption of western foods away from home mean that the hazards of eating out cannot be neglected by parents. To the best of our knowledge, this multi-center survey is the first study to explore the predictors of dietary diversity in Chinese preschoolers. By analyzing the consumption of 10 food groups, the specific food groups which were associated with the personal characteristics of high risk of lower dietary diversity were identified. It could be of benefit to parents and kindergartens to provide more balanced diets with high dietary diversity and thus contribute to early childhood behavior formation.
There were several limitations to this study. Firstly, the study design was a cross-sectional investigation and it does not, therefore, infer a causal relationship. Secondly, the 24-h dietary record may have caused a recall bias, and one-day recall may lead to missing foods which are not consumed on the reporting day. This limitation could potentially be remedied by the use of repeated 24-h recalls, for example on three days including weekdays and weekends.
The current study explored dietary diversity and its associated factors in Chinese preschoolers, and explored how these factors influenced food intake in children, which is useful for dietary guidance. The suggestions based on the study findings are: (1) education and intervention should be strengthened to improve preschool children's dietary diversity, especially in rural areas; (2) the overall pattern in children is worthy of attention, which means not only increasing dietary diversity but also avoiding unbalanced diets; and (3) prospective studies are needed to explore the short-term and long-term effects of dietary diversification on growth and development in children.
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